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Abstract of JP6152072 

PURPOSE:To allow the use in the region of a 
short wave length by providing the sandwich 
structure where an active layer of a prescribed 
compound semiconductor is sandwiched by 
two clad layers consisting of prescribed 
compound semiconductors having lattice 
matching therewith while having a larger band 
gap than the active layer and being mutually 
different in a conductive type. 
CONSTITUTION:This semiconductor laser is 
provided with the sandwich structure, in which 
an active layer 4 consisting of a Ga1-a-b 
InaAlbN semiconductor is sandwiched by two 
clad layers 1 , 5 consisting of a Gal -a-b 
InaAlbN semiconductor having a larger band 
gap than the active layer while having almost 
lattice. matching and being mutually different in 
the conductive types. Now, the following 
formulas are presumed to exsist: 0<=a<=1, 
0<=b<=0.5, 0<=X<=1, 0<=Y<=. Further, Gal- 
m-n InmAInN semiconductor changes at least 
one of m and n by turns for having a 
constitution tilt construction for finally being 
made a semiconductor having the composition 
of Gal-x-y InxAlyN, whereon the sandwich 
structure is formed. Further, m, n, x, y are to 
be in the range 0-1. 
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(57) [S$5]] 

Gaj-.-t I n. A 1 „ N^^3&>6i&€)S 
€.Ga,..-, In. Alv Ni|i^^A^6^cS i'^ KH 

3. 5-es^sn/£:-9-> --^g^ifife^rwr.s^^ftu- 
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[m^mi] Ga...., In. AKN(0^a^ 
1 . 0 ^ b ^ 0 . 5 ) ¥^ft*^6^d:^S14Jl*i. I^ErStt 

t < ii^-om^K-m^li^mU •& G a , . , . , In 
. Al, N (O^x^l. O^y^l) ^J^mm^hU S 

[fB*^2] ii*:SHC*il,iT. Ga,...„ In. A 
1„ N(0^m^l, O^n^ 1 )^^mcr)li;>Cm*J 
<i:0'n©^i?^c< <i:4>-:^?:^jb3#T®i^WJCffi^Ga 
,...v In. Al, N (O^x^l. O^y^l) 

[W*:®3] HC*5l,»-C, ffi)?SGa,.,.< In 

c Ala N (O^c^l. O^d^l) iffifiXG a 

In. Al, N (O^x^l. O^y^l) tIP' 

[0 00 1 ] 
[0 00 2] 

(LD) m.^'^^mc^^^-c^m 

[0 00 3] ^^tf?fer^;5^i'#©*iS{cffit,ie.n-5)G 

aA 1 A s^^^JU— !f»C©3^f®»]fC||3^L. SIffl 
ftSnri^So Ctl«. GaA s3^ttW*SGaA 1 A s 

i|£^^U— !f(D^M2gg»7 8 0 nniAScf3,Cv-c$>0> C 
©^■Ctt? 0 0 nmJyT©^j^S©L'— 1f©^31»ffl 

[0 004] 

rJS. ZnSe, ZnS. G a N^© C -f K^-O K+> 
*i> */cJlffl'(bSn/c45©{i^ci^ 

[0 00 5] ~:f5. 3S«g*Hif*U'— tfffl©^|i2»f*«)g 

¥^i*u-lfffl©»)gtbr«^^Rg*s^i>Aj:<, u 
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«jE-ef?.5®M«ffJfiS3n-ct,^^cti. s/c. u— if©s 
[0 00 6] ic5r. '^itti M.min^m\.>fc^ 

iaS¥«^U-ifiU-r». AIo., Ga„., N/Ga 

3 9 [ollDffliBja^^ 2 8 p-ZP - 1 1) . 0*^0. ^ 

li©-C> ^SKaAiCj:^^#fetH5:|Bc3-tf-5©«$ft: 
10 ilH,^<»:l»^©*JJH^-C&-5, 

[0 00 7 ] 2t!:%H^»C©cfc 5^c»tt{cSg<^. S^i^JlS- 

[0 00 8] 

BJtC<5^?,4i»{*U— !f». Ga,-.-. In, AU N 
(O^a^l. Ogb^O. 5) iHi@^i'bJ&-5>r§tt® 

>'^'> F+> -yZTifiiz^ < *>oai>K:®^Aip/^!:^Ga 
20 a.... In. A I, N (O^x^l, O^y^D^t^^ 

[0 0 0 9] $/c. HUiBltfS(Cis(,»T, Ga,-..„ In 
. Al„ N (O^m^l. O^n^l) ^mWcrM^X 
m*icfcD''n©^^C< ti>—l3'S:mtSit-cmmffJ(tCmiSl. 
Ga,..., In. Al, N (O^x^l, O^y^l) 

30 [0 0 10] 3 fuiS«fi£CC*JtiT. fflfiXGa 

Inc Al, N(0^c^l. O^d^Diffl 
fiRGa,.,., In. Al, N (O^x^l, O^y^ 

[0 0 1 1 ] Ji(T, *«H.g?rififflCCSiHJTS, 

[0012] *^H^©4^ftu— tfictei^rtJ. .mil 

ifi-C^i,^ T^ctj-^. Ga,..., In. AU N (0^ 
40 a^l. O^b^O. 5) if^j»ft*:>6'4-Sr§ttJltC*jC» 
•Caisj:ZJ^b<D'ptj:< i4>— :^©ffl?:a^(Cjl^CifC 
J;i3 BjtfetJiS. 2ts:|^B^®*^<*3^^ffll^^i. InN 
©2. 0 5 e V*:>6A 1 N©6. 2 0 e V Sf^O F+* 

mMJii($-c©u— tf7!)S|i^pieer*-5. ua^o. ?stt 

H i 7 FH <!: ©tS^^^?:.^-t±-S C i , SA^ + U 

c i , 3ij|{cmgKaA^=rf ^ c i j&spjtBife-'o f +> ^ 

50 <*©>"f> F+'i' ^y^'CAfr^ti^ 2. 3eV3!p6 5. 0 
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■^m&mmtb 4 O n m m) A^e> 2 5 0 n m 
seizes. 

[0013] ;*^^B^cD^®ftu— tforSttHoil^ii. 

0. 0 5~3iLtm©i5HCC*.&C<!;*SWSLlio 0. 0 

3 Mm*®^?,t. ?^{tfg14lil^(C&1Dii*-2)Ci 

3«0. 0 5~3 Mm©t5HCC*SC<h*^!J(?$U< , 
(CO. 0 5~1. 0 MmCD®ffifc*^®3&W$0l\ * 

[0014] *^^cD^jSftu— !fcc*jcirtt, r£14® 

)aJfi^$*S/jN3i,)Ga,..., In. Al, N (O^x^ 

1 . 0 ^ y ^ 1) mmwifihtj: v) ifi-om^^icmmm^^ 

[0015] *^*^S1«®©tg-T-lf^CcB€bri-;i«, * 
^B^O«Sr{*m«clA©*§^SiJt»A 1 N©4. 9 
8 0 h n-Aji^e I n N©5. 7 0 3:t>i'';^ 

hn-A$-C^{t$ti:€>C<t355-C#-?>. AlGaN, G 
a I nN^A 1 I n N© ^^cHtc^^SzIb^-CB, t&^S 
Sfe(J$OfflI-rSC <h*3t?l?-5)*5. C©ia^tCtti?7 5- K@ 
^?gttMrWa©>'^•> K+> V 7*©ffi^i ^ C ^ 
JiO. Ga I nA 1 N©J:^>^c07nSil^*ffl 

C^^xt. H7n^K2g^©.?>-C»f#^i:7!)i-:>fcffi14Jl<ti7 5 
V KJli©tS-?^*jJ:i>*S^©>'N'> K+> •:'y©M^ 
0. 3 e VJW^Kf ^<bt^^^ff^?:|lI^(cS§£?#SC: 

[0016] Ufc*5or, ^ts^Ba©^^<$U— !f?r^fiK 

©^O F=^^> y :?'*^-rSfflfiX3!>*fc3!)^-S©r> ^©BFfS 
©--OF+'f -y^'^rWr-Siffl^Octi^ie., ffittJli^S^^- 

[0017] cc-c. xm.mt^^'j Ymt(o^i-mk 

1%«T, 3e>K:Sf$L<«0. 5%Ji(T<i:-rS©A5J: 
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<• -e©J13i UTfiO. 5~5am. jif$t<«l~ 
.3 jum-C$>ntiJ:l>. 
[0 0 1 8 ] C Ct?> Ga...., In.Al,N(0^ 

a^i. o^b^o. b) ^mm^ibu^rmm^^^ts 

Ga...., In. Al, N (O^x^l. O^y^l) 

mmm<omm. fcj: •;T8fg©*ijai?:tT->r}fjfi£ 

10 -rSi£:>S*5*S„ -r^cto-^^ Ga,..., in. A1,N 

(o^xgi. o^y^i) ^mi^^im-r^t^ic^ 

.+ + UrmSSlJiai^tf ^i-^KT-S. pSF-f>i^© 
^^©taitLraMg, Ga. Sr. Zn. Be. C 
d. Hg. L 1^*^*0. n M F - f > ^'■©^il^i^Ofiai 
ibrttSi. Ge. C. Sn. Se. Tel?*^*?,. 
Clti 6© F F ©aS*$ J: F - f> ^a€r^^ 2. 

c i J: r + f >; T©affl-?>+ TffiS^^^s c 

20 F-'-O h^2®!ffi[5l^{c F-f>i^L/T4>J:t>0. 

*S6 F-fvi^-rsctfe F-^^•>h©stt^b$^&±^f 
.i*©n@WJi©f'PiSf^{ciT^©ssrj]n^jiisufco . 

[0019] r§^?: V FJl■ri(5^/c•^^■> f -f ^ 5^ 

30 -rsct^i-ctt-s. a«±{c>'N'-:,:7Tii-?'iftiei^ 
^t>=yv FJlt?^l5^fc'•y•> F-f ^m^^i'^mf^c t 

[0020] $ 6{C, :*:%B^{C*Jt^-CU. aSifCjtjg 

f&Lfc±Ll,C, Ga....„ In. Al„ N(0^m^l. 
O^ng 1 ) 3&^6iiO*i-3^ef)^cfflfi£*5Ga...., I 
n. Al, N (0.^x^1. O^y^l) J;-? 

mmmn'&^^mv. c©±(CHufaif > f-t 

c<Dms&mmmmt. mG in. a 

l„ N(0^m^l. O^n^l) ©fflfig^aMJ*^^ 
»^mfcctC/n 0)^J>tj: < <!: 4>— :&©fii?r^{b3l±-rTg|5 

<c:itcj;-oT. *S^^^As^jbLr(,i^*s. mif-mm. 

50 te. i"^6©MM«3S;5:ffiCi-5)M3:, ft ^J&ill^fcJlCC 
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jisoGa,..., In. Ai, Nm^m^xmm^mt^ 

In. Al. NJiCDiffl^?:^{t3-l*/c1tjiiL/r 

[0 0 2 1 3 :$:^B^<D J; ^ Aj:iafiR<^4«jgi C i K 
J: or. ?§14Jl{cf'Pfflr^>i£;;'3*/jN$<-r-5.C<!:As-C 

t:«50-20 00 0:t>^^X h n- Ar$)-SC <!:*ifi= 

«siAime>nr, — 2 o oo o:t>yx hp- 

tcjf s L < tcii*>6r*-s. 20 
[002 2 ] $ e>{c, 2|s:^?«ic*>c^r«, m^icmm 

fSL/ciiC. ffi^Ga,.,.^ IncAldN(0^cg 
1. 0 ^ d ^ 1 ) ifflfiSGa,..., In. A 1 , N'(0 

S^TSfflfiSG a,_c-d Inc Al, N(0^cgl. 
O^d^ 1 ) tfiRicGa,..., In. Al,N(0^x 30 

^ 1 . 0 ^ y ^ 1 ) ti)^hrj:i>^^tmm<Dm^it. 

*t<, $/c. ^n^E'ti©Jl©/l$»|gDt?%< r^)J: 
3 0 0:*->i^;^ hD-A^®;l/cii^(C». Mfi*&^^© 

[0 0 2 3 } $^BJCC*JliTttsii«Kf&Or. U- 40 

[0 0 24] *^B^{ctet^-rtt. SSiurtt 

iif-ir-r^:<7-7X3?©^7X-^. GaAs, InA 
s. InP©J;5%I I I -Vg5^t^!B3^|£^<*. ZnS 
eCi'^Aj: I I -V I]^{b^*^(*. Si-^Ge©J: 

SiC, A 1 N. ZnO. MgO. ^ 
7t -fif (A 1 , O,) , 5^ (S i O, ) , T i O 50 
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, . ZrO, . SrTiO, . LaAlO, . CaF. 
[0 02 5] C©*t?. Biiab/c<t^ncmiSB^Sffi(C*$ 

bt^ c ©J: e> tcmm^^nm^^my^mt lx 
tsssffi* s t, ^ «*ifeaa«©±{c^if^a* I ^ «sii3 

[0 02 6] 2|s:^H^©i}i«ftU— tf©fl|j&(DCa|<h 

w. *iJ?i^?g®;^ • u— tf©t^t Lr. sue 

N. 0^x$l. O^y^l). 4WrStt/l (Ga 
i-..b In. AU N. O^a^l, O^b^O. 
5), 5{*±gl5i/7"^ KH (pMGa,...v In.Al, 
N. O^x^l. O^y^I), 6^i>'^■f v-'^-v'a 
>J1, 7, 8«mS. 9«nMGaa...,. In. AU 
N(0^x^l. O^y^D®. lOtti^Ga 
i-.-v In, AIv N (O^x^l, O^y^l) ST 

[0 02 7] *:fEHJCC isC^r. r£ttJltC+ + T?raA 

^ s fcii)ommimis.-r ?>ct n^iHimx^) ^ , —ijom 

*5. HSii'^i- K)lt©g^l4ffiSi:*W-2>/cii?)«:. il 

x^ + «; T?g)S*s-enckO Alr^j:M^t^?^*^<*^fflc» 
jiSl*0. 3~ 1 0 Mm©IBH-Cab4aliJ:l^ 

f6:;^©i'7-;. h*®iii[^M3-a-'5*\ frai 

$tj:A\, In. Sn. A 1 - I n^^. Al-Sn-^ 
^. I n-Sn^#. A 1 - I n-Sn^^lf?:fflt^^ 
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t&Au. Pt. Pd, Rh^CtlP>?r^iLfc-^^?: 
fflt^SCi^^rt^, CtlhCOm^^liCN i . W, Au. 

[0 02 8] */c. u— tf i Lx^commiiFm'km^r 

«^L//cO. ]iStb:^<DU— tf^f#-5,/cJsi)lC, 

oTtf^Ct^s-r^. Mif^iUrW, a-Si. SiO 
, . Si, N, . A 1 , Oj . T i O, , Ta. O, . 

4 ^© 1 m&(Dm 3 -r^Sfcan-r -5 C i J: s 

[ 0 0 2 9 ] ;X(c, ^mM<Dmmi^iy—^(DmM:fTmi>c 

[0 0 3 0] :^mmici5i,>xit. mmm^mm^htj: 
^mmmmoii^mjsmt Lr«, c v d ( c h e m i c 

al Vapor Deposition) MO C 
VD(Metalorganic Chemical 
Vapor Deposition) 'S, ;^fj^ V— 
BE (Molecular Beam Epitax 

[O03i]«T. :^*;^y-xMBESccte(,5r> mm 
?:^W-rs**;^t^-fb-^^©*'xy-;^iGa*jJ;i>*l n 

Ga I nA 1 Nm^mi^^fbtj:^mmm^ii'^m-r^yj 

[0 032] CC-r. ^*$WT-2>**Xi^fb^!Kji L 

r»> r>-=e:::.T;f7X, Hy >;'{baK. t i> 40 

Hyii-fbS^. t K7y>, e;>^5^;ut K-7s;^>^ 

>-^-^';')A^©^rStt^f:^-cf&JRL-r<£ffl-r-5.c i^) . 

Bjfig-c^s. s*^^^-rsAfxt^{b^©#t$&fi»s 

S*MfC*5l,>r G a , I n . A 1 ^© I I I J^7n^©#t 

S**xm^©«*&S7»s I I I ]^ig©ttif&S J: "J 

3 < S i . ^^-r 6 ©SfS©Slf 3!)5A# < 50 
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^fcsi>mw^f^{b!K)S^<*©s®)i^fi5 c i i)mm 

{b^!^©eii^&S«@«:v-XcfcD 1 OfgJW±. «F$L< 

1 0 0 ffiJii±. 3 p>(cw$ u < « 1 0 0 0 f$ii(±{c-r 
s. sjjmm^m^mi^-r s c i cc j: 0 «*&fi©$ijtsj-^ 

fi^*&©ig*6 • f?±^tf ^C<!;?r-r#SJ:'5(C0/cfe©-C 
AS. i'5-:' + >y*';^-feJU*^-r-5>Ci«, 

if^■r-Sfc^tl{c^^^Lt^^>©<!:^c*o i'7u'+>i/**;^-fe 
Mifi©^ftT{cfct,srT>-t-T;t?:^, =7 y 

itmm. t i^^g^;i't F-7i;>3?*^jn?feL. 

^^J:<rgtt^b-t±b«)Sfc©T*-or. BiSiiurT;!/ 

■r-sci*w* Lc^fe©<tfe-5)o ^ f + > r^©?aK« 

SM©affi^T>^r^T:yx. Hy -yfbaig. izV^'V^ 
>. >^^5^;H:: K-7J^>^©«if&SI^«:J;oT^^SC 
<!: 3&5'i:>S-r * 100-600 °C®ffiH fC^^-T 

CiAWS L/l^*)©i^j:€>. $6(c, *^Hjccfct,»r 
^•^XV'fb-r-SCtJC.tDrStt'ftU/c^^^raS^ 

■:;{bam^©^^W<b^^>''^Xv7^f;^-te 
;i'*aL/-ctS14<b-rs©«> i^S14©mWJ&^fb!B5?^* 

[0 0 3 3] Ga,...„ In. A 1 „ N (0 ^m^ 1 , 

0 ^ n ^ 1) mmi^-fy^ibrj:i>mfis,mm^^i'm-ri>ij 

1 n^A 1 <Dmmt^^mc^7Li>yjm. Gat in 

'E>©:^a€rffi*^t>-BS£:i45Dj#g-CA-S, 3<E.fC, H 
3 353i![+*^ > i^X h P - A©§fS©fiJ!!t;*i6 

aGa,..-„ In. Al„ N^zi<$?1|)g^. Ga. In 
*>J:0'A 1 ©^l6fi^iigpL/TfiSSL*i-ocn^miffl 

•3. 'ii>S{cr6D-c3Ta©«jSi-rn«j:t,^. 

[0 0 34] :</XV-XMBEa{CctO Ga I nAl N 

1 im7imtm.m^-^m-ri>ij:^mit-^t^^mcm 
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RHEED (Re f r ac t i V e High E 
nergy Electron Diffractio 

n : ^mmmmm^^ir) >'^•^^->^8l^urx h^j- 

[00 3 5] —mt U-CT>*-T;</;^?:ffll,ifc 
;t/;Jiy-^MBEffi{Cj:«3f'^U/cGa I nA 1 N^S^H 

[0 0 3 6] ^m.t K^^rt(c> ^J6ffljU>;/ 

finl^!j^;U y*J J; t>'Egfi®^-»fi53-«TS. R H H E D 

*jJ:o'RHEED;^i' •;->^<iA/c*'xy-;^MBE 

[0 0 3 7] ^^fflJUy^CCtJG a. In. A 1 © I I 

I m^^xti, a«fflcc*jw ^#ti^as*! i o • ' ~ i 

Wr S :</;<tt'fb-^©3SAii:« ^ •:; + > -fe 20 

0*'-10'Vcm' • s e ct,ctj::hJ:^(,cm^Lfc. 
$tc, ^(DMMmiiy^iatMg, Ca. Zn. Be, 
Cd. Sr. Hg. L il?<DpMF-A> h^S i, G 
e. Sn. C; Se. T e ^©nS F->'^*> h ?:An. 

-YTRffi?r^U. 2 0 0~9 0 0°C{C»n^L//c, 

[0 0 38] sr. a«<?:ic^ifSF^r 9 0 0 'ccmm 30 
L//dt, m^om&u^ic^L . I I 1 1^5^)1?: An 
fc^^ffl )i V ^"©jag ^&if ^© jascc g:^ L/ r 0 . 1 ~ 

3 0 3^>y;^ h o-A/s e c©^sjia-c 1 o~5 0 

0 0^>i/;^ hn-A©llJ5»^©flfffi[fi]tt©Ga I nA 1 
N«M?r{'FS-rS„ Mt^r, ^iSietfiJttOGa I nA 1 
Nf»M±{cMi?0. 5 — 5 /Lim©nS*ISSGa I n A 

1 Nif)®*^e>ja-ST§Bi'7 -7 FH^, iggt^rMJio. o 

5-3 wm©Tg|5i'^f FHitST^^-T S^Mh^bG a 
I nA 1 Ntga^SM?:, 3^«:iS/10. 5-5/im©p 
M^SB^Ga I nA 1 N^fJgji^e.^c-SigPi'^ FJl^^ 40 
ff^^L. U-1fffl©S®filJS?:{'PlSL.fc. 

[0 039 ] W!smmmxmmj.-ji'u^7^^ 

®«f SC <!:«:<* ^^©J^t*:?r^i*-Sti4>(Cli)E 
?:E|]Jra-rS/cJf)©S@5:^ttfc„ V^'yV ^ -y'a-b 

iUrtt. -Tii-^S ';>i^, ECRx-:,g^>>/. JSf&tt 
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fc^^lBtcteCirtt. ^^*)gJl*vJ^3 i^iTtiitxc c n^© 

F 5 X •:; yffi*i^^efJ(C®fflr # -5,. ^E^EPUn 
•r53tJ*©mS<i:Lt:WA 1 . IN, Al-Sn^^. 
I n - Sn-&^, A 1 - I n^^. A 1 - I n - Sn^ 

K-fbffiiS, 1^3lLfcGaN-?'ZnSe^^ffit<>-5 
Ci*s-C#. MBEiS. ^i^t-A^#ffi 

[0 04 0] c©J:5^£:^^£^cJ:•^f#6nfc■^;x/^?:^ 

[0 04 1] 

[0 04 2] (mmm l ) T>*^T*';<^ffll,i/c;t;>^ 
V->^MBEj5fe{Cj:0. 1^:7r -TTSSJiiCJUiBlSjttG 
a I nA 1 N/Ga I nA 1 N/Ga I nN/Ga I n 

[0 04 3 ] I I I Siffl©^Bffl;u-:/.-K(c«. ^n^n 

Ga^?:Ani 0 0 0°C{C, I n^H^Ang 0 0 'C 
(C, Al^il5rAtll 1 0 0°CK:tn?^L/c. *'X©^A 

;5^-feJU?:<se«U, 4 0 O-CfCttl^O-C. iJX^mmt'Cm 
S(C?>:ft#l^ S <£ 5 c c /m i n ©ilSTfti^ 

U/c„ $/c, S«l i L.-C«2 Ommft©A#S©-9-:7 

*i. *2gSSi^©E:^W. fiSM^ccfcc^T i x i q-'t 

0 r r 'Ch-:>fc^ 

[0 0 44] *-r> I 9 0 0 'Cf 3 0 ^p^jnis 
b. 'Xl»T6 5 0-C©S)gK:«i^L^M?r?f -5. fiSMtt 

e>. Ga. \ nteJcUAKDi^^ V ^^m-), 1 . 2 ^i" 
>i^xFa-A/s e c ©^MKrigil 5 0 0 0 ^ > 
if 7. FP-A©ii5BErfii14Ga„.„ I n..,„A 1 o.„N® 
2*JK(!SU, ^ii-r^©±K:M/?i 0 0 0 0:t>i^;^ F 
a-A©nM#MSGao.,x I N,.6.A 1 o . . , Njaj^KA^ 
6i&?>Tg|5i'7 ■> FJ13?:?gfiS-r'S„ ^^tC. Ga^lSffl 
JU-:'^?: 1 0 2 O-C. I n^^^fflJU^Ji^^g 5 0"Ci 
L/. Al^^ffl;l'->^©i'i'-;;»?:^i:TM;i30 0 0 
:t>i^;^ FP-A©Gao.,7 I no.,,N$afi£*^6Jfe.SrS 
^A^fm-ri>, Ga^J6fflJU-:/d^"^l 0 0 

o'c. I nm^mi\yv:!ir^^Qo o -ci l. a i m-^m)^^ 

-J^r^^l 1 OO-CtU. Zri^|^ffl;U'>j}<"^2 1 0-Ci 
UrZn?: F-f>i/bfcM/ll 0 0 0 0:i->e^;^ hP 
-A©pM^H^Ga„.„ I no.soA 1 » . 2, NfflE!t;*>6 
tj:^±.Ut>=yv FJ15?:?i5RSLrGa I nA 1 N/Ga 

1 nN/Ga I nA 1 N :S^-:^;l'-^7-n«igi&{'fSaf -5. 

[ 0 0 4 5 ] ^Xt^-C, SStfflJjni^'n-fey^^fifflt-SCi 
tciij. ^T■>'^•^S^->©^'f^fcJ;^>•^^7. 8<Dmf&i 



u 

- > ©f'FSite ct ly^ilfiiiai ©JK^?:tf ^ C i {c J; 0 ^ffi 
>'^•5^->©Ji5fiS;?:^ft./c. i^t^T. i«iS[6]ttG a , I 
n,..oA 1 o.i.N@2±{CWA 1 *ie>^C-5)m®7 5r> p 
MmmrmGa^.^, I n-„.„A l„.„Nffl^*>e.!^f.S±g|J 
i^^y FJi5lC«ipi5 nmOA uH^hfJiiM^:^ V^^ 

[0 04 6] c©u— !f©^-:^;u^f-:tP^jgtcS^u 
<t«:<i;<9. ?$ft^SS[K:*ji,^rffiu#(<^fii-r4 7 0 n 

[0047 ] <JliS{«j2) T>*-T:</:^=£fflt.»/c*'X 
V-;^MBEffi{Cj:(3, -y-^T -<TSffi_hCCGa I n A 
1 NffifiSffli4«3t@/Ga I n A 1 N/GaN/Ga I 

[0 048 ] I I I mmowMm)\^-y -if-iiat. ^n^n 

Ga^5rAm 0 2 O'CK. I n^«^An7 3 0 'C 

(c. A 1 ^ni^An 1 0 4 o-cjcijn^.L/to ht^comk 

iC«rtS|5(C T;!/ 5 :^ 7 T htci^v y^l^ifii 

J^^-feJl/Srffifflt, 4 0 o-cccj)ni^L.r. ;yx?:ii:s(cs 
SfCP^fr^WSi^OCUr 5 c c/m i n©jisrtt*& 
U/c. Sfiil t Lrtt2 0mmft©A^5©t>-:7 

B$(c*5t,ir 1 X 1 0-"To r r-Cfto/c. 

[0 04 9] s-r. asi *9 0 o'Cf 3 o^&wfln^ 
u. ;^t^t?6 5 o-c©as(c0g}^L.)Si^^tf ^. 

T > T i^';^ ^ y + > X -fe ;U:*i 6 ^ilS L i^f *s 
6. fTG a©i^+ ^©^^c^rPgWT 1 0#F^«^U. 
^t,>-CIn. *sJ;(yfA 1©~>+ Ga©^^ 
ffl;I/':/;J^©iag«— ^iig-CT^f. — I n i a l i© 
^JSffl^l/ ^©zaS^-^jlS-CiCf 6 1. 2 > 
i/;^ ha-A/s e c©fi£mS-CMI15 0 0 03^>^^ 
XhD-A©GaN*ie)Gao.., Ino.o,Alo..7N<b 

^■S. ^©±fcMJll 0 0 0 03f->i^;^ hn-A©n 
M^^Sa^Ga,.., I n,.o7ALo.„Nfflfi5(;*ie.^cSTSI5 

5'-7 -:'h-@3. i^t^-r. Ga^.l£ffl;u-:'*;& 1 0 3 O'C 

iLTGa©i?»-©i'+ f ^?:^l^rli;i3 0 OO^lyif 

;^ h a-A©G a Niffl(!S*^6ife.&ffittJ14 ?rJf5fiS-rS, 
3 6(C. G a^.5^ffl;U-;;^?r 1 0 2 0 'C^ I n^3^ffl;U 
■;'!}^?r7 3 Q-C. A 1 ^J6ffl;U 1 0 4 O'C. Z n 
^^fflJl'7!i^?:2 1 0-C<!:L/TZn^F-f>^/L/fc^ 
ill 0 0 0 0:i->d/X hD-A©pMmH^Ga..s. I 
n..07A 1 ,.,7NfflRK*^e.^cC^±giJi'^ y FJ15?rff^^ 
LTGa I nA 1 N/GaN/Ga I nA 1 N ^i^^JU-^ 
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[0 0 5 0] ;>:c»-c. stiffl*nxyp-b;^?:fflffl-r-2.ci 

tcj;i3> ^^>'Si»->©f'Pi5{fcJ:t>'m@7. 8©?Kfi£?: 

tf^o u vi'^^.f-T'cuzy^tt-cttji:*:©^* h u 

isj^ummmcowM^'ni.^ . li@>'^•^'->©JKfiR?r^f-5 

7, pM^^B^Ga,... I n„.„A 1 ..„N{C«i|i5 u 
10 m©AuM@.X ^■5"f7■8?^■'^*5'i^•^— ■>^>ll6i&/^ 

[0 0 5 1 ] c©u--!f©3*'yji/-^fn^j&cc^^u- 

fCctO. ?S^S^a{C*jt,iTffit*(,>fii-C3 6 0 n m 
©U— tf#6®?:SaigUfco 

[0 0 5 2] (,^l&m3) T:y^::-riJ7.^m\<>tcijX 
V-XMBES{CJ;i3. tf:? t Ta«±«:Ga I n A 
1 NMa^^^3&Jl/Ga I n A 1 N/GaN/Ga I 
20 nA \^^-:r)V^7-zimm.i)^htj:^'^mW\y-^^{'^m 

L Wc o c i r H 6 #M 1/ *s 6 IJi -r S o 

[0 05 3] II iSsfflo^^fflju-^^cctj. *n^n 

Ga^^Am 0 2 0°CK:, I n^M?:An9 3 0 'C 
fC. A 1 ^S?:Atl 1 0 3 O-CCCJni^bfc, io7.(DmK 

^^-feJi/^r^Sfflu, 4 0 o°CK:Jnf^br. ;^;x?:il[gcca 

^tCPX#m^<fc^JCLT5 c c/m i n©agrffiif& 
L/fc, $/c. aSl i Lr»2 0mmft©:A:&3©-9-y 
T-CTRffi^rAffi^jInltcg. 2SMlt/cffi^SS<!:Ur 

30 ffli^fc. J^jte. JE2M^Srt©E;>3«. fiSMffiSftcfct^Tl 
X 1 0-»T o r TT^-otc. 

[0 05 4] ST, »«1 *9 0 0-C-C3 0 55'fflJnM 
U. 'XC^re 5 0-C©Sffi{C^^L^?:tf ^. fiSM« 
T > T 5: i' ^ + > y X -fe ^W^" 6 0 !S *5 
6. Ga. I nfeiO'A I (Diy-^ y ^m-f ^mm=?:m. 
mi'C'^i:>iirUWLtj:*i(i,. 1. 2:t>y>^hn-A/ 
s e cC^JffiiiS-C-^-tl-etlMJlS 0:t>i';^ hn-A 
©Gao.so I n„.,oA I o..oN@*J<J;i>'^/18 0 :t>i^ 
XhP-A©Ga..,, I n..„,A I , . „ NM^IrS^SCca 

40 Ji u fcm^^ 3 0 gjfj^ L . mm^^mmm i 2 ^jfj^s; 

TS. C©±CC> Ga, I n*5j;0'A 1 ©5^+ 
t:tT, /I? 1 0 00 03^>y;^ hP-A©n^mifeH^G 
ao ,.6 I n„.„,A 1 o.z,NfflfiK*:>e.''d:STa5y^ KM 
3. Mt^r. Ga^.^ffl;U';/^t<"?r 1 0 3 O'CiOTGa 
©^©v'1' ^€rP3C^-CM/?3 0 0 0 3f>i^X hP-A 
©GaNiiafiS;*^e>ii^?SttM4?r?f$)S;-r -S. 3 G 
a ^^ffl ;U I 0 2 0 'C. In M^mJl V 7 3 

O'C, A l^j^ffl;U->d^?rl 0 4 0°C. Zn^^ffl;U-:' 
*:&2 1 O'Ct Ur Z n* K-f^i'bfclgiSl 0 0 0 
50 0:*->:^X hP-A©p^^M^Ga..,6 I n..„,A 1 
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nA 1 N/GaN/Ga 1 nA 1 N^zfJl^f-om^'S: 
[0 0 5 5] '.^X^^-C. Sfcffltmr^'n-fex^rjiffl-r-SCi 

/•c. i^C»-C> MatS^1»i&® 1 2(C«A 1 t^htj:i>m® 10 
7. p^*ieSGao..6 I n..„,A 1 „.„Nffl^*5e)^i: 

8 5r>'^• iy-<.-- a »1 6 U rX^«ffi{C J; -o T 

[0 05 6] C©U--lf©5?':?';l"^f-a^3g(C^^U- 
■tfcc cfcS7fe®i|a*-5l^«mfiSaAJcj; •sa^i^tf "5 C i 
jg^^SK:*il»TigO#t,iffl-e3 6 0 nm 

[0 05 7 ] 20 
[^H^©jam] :*^H^<DU-1f«. Ga^..., I n. A 
U N (O^a^l. O^b^O. 5) ^^^mWtp' ^ 

4»'OF+> 5':7'*5;^gt/j:Ga,..., I n. A 1 , N 
(O^xgl. O^y^ 1 ) ^^i**:>e>^t-Si'7 y 

[SM©fSWj:iji?«] 30 
m 1 ] *^i!^©*^f*U— IfO-MiLT©^®^^ h 
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[02 ] 2ti:^H^©*«(*U— tf©-09<!: Lro^-^X h 
[03] *^Ba©^|i«{*U— tf©-|y!l<!:Lr©'^>-rnT 

[04 ] *|6BJ©^^#U— !f©— Lr©aii6jAi5^ 

[05] 2|s:^BJ©*^ftU— tf©— 0d<bOT©ffifi!cM«4 
[06] ©#«ft U - If ©-^ i U -r ©MffitS^ 

/c^^0r*s. 

1 a« 

3 TSPi'^ -^^ KJl (nMGa,_.., In. A1,N 
(O^x^ 1, O^y^ 1) ) 

4 ffittS (Ga,..., I n. A U N (O^a^ 1. 
0 gb^O. 5) ) 

5 ±g|3i'7 y (p^Ga,...v In. A1,N 
(0 ^x^ 1 . O^y ^ 1 ) ) 

6 y^••;;i/'•^-iya> 



7 

8 m\ 

9 nMGa,..-v In. AI,N(0^x^l. 0^ 
y^ 1) B 

I 0 i SGa,..., In. Al,N(0^x^l. 0 
^ y ^ 1 ) B 

I I msLmmmm 
12 mm^i-mmm 



[01 ] 



[02] 



[03] 






[04] 



[05] 



[06] 



1 his Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. - 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
eTfaDED text OR DRAWING 

EI BLURRED OR ILLEGIBLE TEX^^ 

□ SKEWED/SLAJVTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

gTlINES or marks on ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES 



— p- ^n. , » . w 

As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



